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Abstract:	Holistic	sustainability,	considering	environment,	economy	and	society,	has	been	an	increasing	
concern	in	the	Architecture,	Engineering,	and	Construction	(AEC)	industry.	Building	Information	Modelling	
(BIM)	is	a	key	tool	aiming	to	help	the	AEC	industry	and	has	been	proved	in	economic	and	environmental	
impacts	of	projects.	However,	there	is	little	evidence	that	BIM	has	improved	social	sustainability.	In	this	
context,	social	sustainability	focuses	on	people	as	the	provision	of	the	well-being	of	occupants	and	
enhancement	of	the	quality	of	spaces.	When	referring	to	people	in	buildings,	it	is	necessary	to	consider	Post	
Occupancy	Evaluation	(POE)	by	way	of	assessing	the	satisfaction	in	the	buildings.	Nonetheless,	POE	takes	time	
and	money	and	is	often	neglected.	
	
This	is	a	review	paper	to	explore	the	integration	of	BIM	and	POE	to	foster	the	delivery	of	social	sustainability,	
with	a	particular	focus	on	the	sustainability	in	operational	stage.	
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1. Introduction	
Now	in	our	modern	world,	the	construction	industry	is	one	of	the	most	compelling,	hazardous	
and	dynamic	business	sectors	that	have	a	huge	impact	on	well-being	of	communities,	energy	
consumption	and	economics,	so	it	is	essential	to	touch	upon	the	sustainability	in	this	sector.	
In	terms	of	the	energy,	building	construction	and	operations	are	responsible	for	the	36%	of	
global	 final	 energy	 use	 and	 39%	 of	 carbon	 dioxide(CO2)	 emissions	 (International	 Energy	
Agency,	2018),	while	the	overall	waste	generation	of	construction	and	demolition	is	25%	in	
Europe	(OECD	1997,	cited	in	OECD	2002).		

The	significant	concept	of	sustainable	construction	could	be	achieved	with	affordable	
housing	regarding	the	economic	sustainability,	quality	and	high-performance	construction,	
well-being	 of	 clients	 and	 end-users	 while	 reducing	 the	 carbon	 footprint	 of	 the	 overall	
construction.	 (Bal	 et	 al.,	 2013).	 When	 reducing	 the	 energy	 consumption	 of	 the	 overall	
construction,	Building	Information	Modelling	stands	for	as	one	of	the	key	tools	to	process	the	
production,	communication	and	analysis	of	building	models	throughout	the	overall	life-cycle	
of	the	building	(Eastman	et	al.,	2008).	A	BIM	project	can	include	any	of	the	2D	drawings,	3D	
drawings,	 4D	which	 refers	 to	 time	 scheduling,	 5D	 refers	 to	 cost	 information	 or	 nD	which	
means	energy,	sustainability	facilities	management	representations	or	any	of	them	(Haron	et	
al.,	 2011).	 After	 BIM	benefits	 are	 recognised	 by	 the	 practitioners	 and	 stakeholders	 in	 the	
industry,	BIM	regulations	became	essential	for	the	government	and	the	professional	bodies.	
UK	construction	and	its	clients	had	estimated	£2bn	savings	through	the	adoption	of	BIM,	so	
an	 important	 tool	 for	Government	 to	 reach	the	20%	savings	 target	on	the	costs	of	capital	
projects	by	2015.	(HM	Government	2012).	Also,	The	Government	Construction	Strategy	(GCS)	
2016-20	sets	out	the	Government’s	plan	to	develop	its	capability	and	the	GCS	objectives	are	



defined	as;	increasing	the	use	of	BIM	Level	2,	developing	skills	capacity	and	capability	in	order	
to	 use	 that,	 driving	 whole-life	 approaches	 for	 carbon	 reduction	 across	 the	 industry.	
(Infrastructure	and	Projects	Authority	,2016).	However,	OECD	defined	sustainable	buildings	
as	 resource	 efficiency,	 energy	 efficiency,	 prevention	 of	 pollution,	 harmonisation	 with	
environment	and	 integrated	systemic	approaches	 (OECD	2002);	 that	are	not	 including	any	
perspective	 from	occupant	 satisfaction.	Occupant	 satisfaction	 could	 be	 improved	 through	
Post-Occupancy	 Evaluations	 (POE).	 Post-Occupancy	 Evaluation	 (POE)	 is	 an	 approach	 of	
obtaining	 feedback	 about	 the	 performance	 of	 the	 buildings	 in	 use,	 including	 energy	
performance,	indoor	environment	quality	(IEQ),	and	occupants’	satisfaction	(Li	et	al.,	2018).	
It	 is	proved	that	POE	delivers	acceptable	value	to	architects	and	also	to	cliends	and	wider	
society	(Kelly	et	al.,	2011).	

This	 paper	 aims	 to	 investigate	 the	 possible	 improvement	 on	 occupant	 satisfaction	
through	implementation	of	BIM	in	POE.	Findings	are	collected	through	literature	review	

2. Methodology		
The	 research	 is	 examining	 the	 use	 of	 BIM	 in	 sustainable	 buildings	 along	 with	 the	 post	
occupancy	 evaluation.	 Hence,	 the	 literature	 review	 is	 conducted	 in	 3	 main	 topics	 as	
sustainability,	BIM	and	POE	to	answer	the	research	questions:	

1-	What	has	BIM	changed	in	terms	of	holistic	sustainability	focusing	on	the	communication	
stage	between	the	design	team	and	the	end-users?		

2- How	efficient	is	BIM	when	implementing	occupant	satisfaction	methods?		
In	order	to	answer	the	questions,	they	were	split	into	different	categories.	First	question	

is	 divided	 into	 BIM	 and	 holistic	 sustainability	 definition,	 different	 stages	 of	 BIM,	 how	 the	
communication	works	while	working	with	BIM,	what	design	team	does,	how	the	end-users	
are	affected.	Second	question	is	divided	into	BIM	efficiency,	occupant	satisfaction,	occupant	
satisfaction	methods,	 POE,	 POE	 implementation	 and	 benefits,	 POE	 state	 of	 art.	 Then	 the	
research	 is	 done	 through	 literature	 review	 with	 journal	 articles,	 conference	 papers	 and	
reports.	

Sustainability	 review	 has	 addressed	 to	 sustainable	 development,	 three	 pillars	 of	
sustainability,	sustainable	construction,	and	mainly	on	social	sustainability.	BIM	review	has	
addressed	to	the	definition,	benefits	and	government	rules,	while	POE	review	focused	on	the	
definition,	application	process	and	benefits.		

3. Literature	Review	

3.1. Sustainable	Development	
In	1987,	the	sustainable	development	was	defined	as	“meets	the	needs	of	the	present	without	
compromising	 the	 ability	 of	 future	 generations	 to	 meet	 their	 own	 needs”	 (The	 World	
Commission	 on	 Environment	 and	 Development	 1987).	 The	 formalisation	 of	 sustainable	
development	has	not	ended	with	the	Brundtland	report.	The	support	of	the	world’s	political	
leaders	to	the	principles	of	sustainable	development	was	discussed	in	Rio,	at	the	1992	Earth	
Summit.	The	publication	of	Rio	Declaration	consisting	of	the	guidelines	to	the	future	about	
sustainable	 development	 and	 Agenda	 21	 that	 highlighting	 the	 obstacles	 of	 north-south	
development	divide,	championing	economic	growth	and	the	need	of	social	and	economic	link	
through	with	environmental	protection,	articulates	a	plan	for	putting	the	principles	discussed	
in	Brundtland	report,	in	practice	(Purvis	et	al.,	2018).	Also,	sustainable	development	has	been	
mentioned	 at	 the	 Kyoto	 Protocol	 in	 1998,	 where	 climate	 change	 and	 greenhouse	 gas	



emissions	were	the	main	focuses.	It	was	the	first	agreement	between	developed	nations	to	
lay	down	the	reductions	in	gas	emissions	(UN	1998).		

At	 the	 end,	 all	 sustainable	 approach	 concepts	 and	 sustainable	 development	 ideas	
eventually	 pointed	 out	 the	 same	 outlines	 as	 economic,	 environmental	 and	 social.	
Environmental	sustainability	could	be	described	as	a	balance	between	human	society	and	the	
environment	where	people	can	easily	satisfy	their	needs	while	neither	diminishing	the	yield	
of	our	earth	nor	harassing	ecosystem	and	resilience	(Hoskara,	2007).	Economic	sustainability	
is	 a	 current	economic	development	 figure	 that	 the	 increase	 in	purchase	power	and	Gross	
National	Product	(GNP)	will	develop	economic	activity	and	accordingly,	it	relies	upon	limitless	
production	and	consumption	(Yilmaz	and	Bakış,	2015).	Social	sustainability	is	the	one	between	
the	other	pillars,	that	has	the	least	amount	of	coherent	definition.	In	the	UK,	the	government	
published	 the	 Sustainable	 Communities	 document	 where	 the	 definition	 is	 "Sustainable	
communities	are	places	where	people	want	to	 live	and	work,	now	and	 in	the	future.	They	
meet	the	diverse	needs	of	existing	and	future	residents,	are	sensitive	to	their	environment,	
and	contribute	to	a	high	quality	of	life.	They	are	safe	and	inclusive,	well	planned,	built	and	run,	
and	offer	equality	of	opportunity	and	good	services	for	all."	(HM	Government	2012).		

The	significant	concept	of	sustainable	construction	could	be	achieved	with	affordable	
housing	regarding	the	economic	sustainability,	quality	and	high-performance	construction,	
well-being	 of	 clients	 and	 end-users	 while	 reducing	 the	 carbon	 footprint	 of	 the	 overall	
construction.	(Bal	et	al.,	2013).	It	is	important	to	add	that	since	social	sustainability	does	not	
have	easily	measurable	outcomes,	usually	it	remains	in	the	background	compared	with	the	
other	 pillars.	 In	 order	 to	 reach	 holistic	 sustainability	 development,	 understanding	 the	
combination	of	delivering	environmental,	economic	and	social	sustainability	is	essential.		

3.2. Sustainable	Buildings	through	Building	Information	Modelling	(BIM)	
Practitioners	 and	 researchers	 in	 AEC	 industry	 have	 foreseen	 the	 technological	 future	 of	
sustainable	buildings	(John	et	al.,	2005;	Bourdeau,	1999;	Vanegas	et	al.,	1995;	Omer,	2003;	
Augenbroe	et	al.,	2000).	In	this	context,	the	use	of	Building	Information	Modelling	(BIM)	to	
select	building	orientation,	evaluate	various	fabric	options	and	perform	energy	studies	on	the	
selected	site	throughout	the	design	phase	enhance	the	sustainability	of	the	project	(Azhar,	
2011;	cited	 in	Bynum	et	al.,	2013).	A	BIM	project	can	 include	any	of	the	2D,	3D,	4D	which	
refers	 to	 time	 scheduling,	 5D	 refers	 to	 cost	 information	 or	 nD	 which	 means	 energy,	
sustainability	 facilities	management	 representations	 or	 any	 of	 them	 (Haron	 et	 al.,	 2011).	
These	stages	have	shown	the	maturity	of	the	BIM	project.	These	levels	are	shown	in	table	1.		
	

Table	1:	BIM	Maturity	Levels	
Level	0	 Pre	BIM-	no	collaboration.	
Level	1	 Object	based	modelling	
Level	2	 Collaborative	BIM	
Level	3	 Integrated	BIM	(iBIM)	
	
Since	UK	government	mandated	the	use	of	Level	2	BIM	in	all	public	sector	projects,	it	raised	
the	awareness	among	the	practitioners	about	the	importance	of	collaboration,	sustainable	
design	and	cost	efficiency.			

3.3. 	Post	Occupancy	Evaluation	(POE)	
From	an	architectural	perspective,	 the	Royal	 Institute	of	British	Architects	 (RIBA)	Research	
group	defined	Post-Occupancy	Evaluation	as	“a	systematic study	of	buildings	in	use	to	provide	



architects	with	information	about	the	performance of	their	designs	and	building	owners	and	
users	with	guidelines	to	achieve	the	best	out of	what	they	already	have”	(RIBA,	1991,	p.	191,	
cited	 in	 Hadjiri,	 2009).	 There	 are	 various	 methods	 and	 techniques	 available	 for	 POE	
implementation	however,	POE	is	not	performed	in	the	majority	of	building	projects	due	to	the	
cost	effect	and	real	time	data	collection	(Ozturk	et	al.,	2012).	It	is	realised	that	companies	need	
to	benefit	from	the	completed	projects	for	a	period	of	at	least	12	months,	to	be	able	to	provide	
sufficient	 information	 to	 evaluate	 the	 project	 worth	 the	 effort	 (Skills	 Funding	 Agency,	 n.d.).	
However,	 POE	 procedure	 has	 many	 stages	 and	 takes	 time	 to	 conduct,	 which	 then	 ends	 up	
neglected.	In	POE	First,	identification	of	POE	strategy	aspects	is	essential,	the	decision	of	which	
issues	to	be	addressed	or	carried	out.	It	follows	the	succinct	statement	set	out	the	purpose	of	the	
POE,	 planning	 of	 POE	 process,	 carrying	 it	 out,	 preparing	 the	 report	 and	 finally	 feeding	 the	
information	into	the	next	project	(HEFCE,	2006). 

4. Limitations	
The	study	faced	some	constraints	and	limitations	that	are	related	to	the	nature	of	the	chosen	
method.	 In	 literature	 review,	 due	 to	 the	 small	 number	 of	 sources	 about	 BIM	 and	 POE	
integration,	it	took	more	time	than	estimated,	to	evaluate	the	findings.	Cross-referencing	is	
used	to	reach	more	resources.	

5. Conclusion	
This	section	summarises	the	study	findings	that	address	the	research	questions.	After	discussing	
the	environmental	impacts	and	energy	consumption	of	buildings	in	the	world	and	in	Europe,	the	
importance	of	sustainable	building	design	and	maintenance	is	discussed.	The	technological	ways	
of	pursuing	the	holistic	sustainability	throughout	the	life-cycle	of	a	building	is	supported	by	the	
researchers	and	the	practitioners.	BIM	has	been	used	in	practice	over	10	years	and	practitioners	
has	seen	the	impacts	on	their	team	and	the	projects,	in	terms	of	the	time	efficiency,	improved	
collaboration	in	team	and	communication	among	them	and	the	clients,	and	the	disciplined	way	
of	 work.	 Even	 though	 it	 improved	 the	 communication	 between	 clients	 through	 showing	 and	
discussing	 the	 early	 design	models	 easier	 by	 the	3D	models	 drawn	or	 using	 visual	 reality,	 the	
clients	do	not	feel	the	benefits	of	BIM	directly	after	the	design	stage.	The	design	team	and	the	
contractors	are	satisfied	by	the	BIM	the	most	however,	the	end-user	clients	are	not	getting	the	
direct	benefits	of	BIM	in	operational	stage.	In	order	to	improve	the	end-user	satisfaction	in	the	
projects,	the	most	common	way	in	the	sector	is	POE.	Even	though	it	is	often	neglected	or	not	well-
implemented	due	to	the	lack	of	interest	of	users	and	time,	money	of	the	construction	companies,	
BIM	helps	to	integrate	POE	into	the	modelling,	considering	BIM	has	a	huge	potential	to	implement	
new	 technological	 approaches	 to	 the	 projects.	 The	 studies	 are	 conducted	 on	 BIM	 and	 POE	
integration	have	shown	the	potential	of	combination	was	researched	and	even	was	attempted	
however,	it	has	to	be	improved	and	evaluated	for	the	long	term	uses.	

6. Recommendations	
The	research	findings	highlighted	two	areas	of	future	research	can	extend	beyond	the	scope	
of	this	paper:	

1- Investigating	 the	 further	 technology	 for	 occupant	 satisfaction	 in	 the	 buildings	
through	BIM,	considering	its	innovative	potential.		

2- Evaluating	the	current	occupant	satisfaction	improvements	data	either	through	POE,	
renovations	in	the	buildings	or	with	smart	systems.		

A	 software	 can	 be	 developed	 where	 the	 occupants	 input	 the	 instant	 issues	 in	 the	
building	through	a	mobile	application.	The	application	can	easily	show	the	building	in	desired	
views,	2D	and	3D	or	a	view	in	human	scale,	and	the	main	sections	of	the	building	and	the	



possible	 problems	 can	 be	 easily	 categorised	 to	make	 it	 user-friendly.	 All	 the	 data	 can	 be	
collected	in	the	repository	in	order	to	improve	the	satisfaction	of	current	occupants	or	keep	
it	as	a	source	to	be	used	in	the	future	projects.		
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